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A practical overview on FAIR assessment, in 2 hours …
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‣ ! Quick intro on FAIR principles  

‣ Knowledge graphs and semantic metadata  

- ! What are Knowledge Graphs, Computational Ontologies ?  

- ✏ How to create Knowledge Graphs ? (team work, "pen & paper")  

- ✏ How to write machine-readable semantic metadata ? (demo, python code)  

- ✏ How to query knowledge graphs with SPARQL (demo, python code)  

‣ Tools and resources for increased FAIRness  

- ! FAIR-Checker 

- ! Tools and workflow registries 

- ✏ Using FAIR-Checker and interpreting the FAIR assement results  

- ✏ Using the FAIR-Checker API and processing multiple resources 



How can we evaluate 
that research data are 

FAIR enough ? 

[1] Gaignard, A., Rosnet, T., de Lamotte, F., Lefort, V., & Devignes, M. (2023). FAIR-Checker: supporting digital resource findability and reuse with Knowledge Graphs and Semantic Web 
standards. Journal of Biomedical Semantics, 14. https://doi.org/10.1186/s13326-023-00289-5

Thomas Rosnet

Marie-Dominique Devignes

Frédéric de Lamotte

https://doi.org/10.1186/s13326-023-00289-5


FAIR principles require tooling
FAIR principles  

‣ critical for open & reproducible 
sciences 

‣ result in many guidelines  

‣ technology agnostic guidelines  

How to implement the principles ... 
... and go beyond checklists ?  

Resource provider  
and developers  

need help and tooling.  
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Australian Research Data Commons

https://www.go-fair.org/fair-principles   

https://www.nature.com/articles/sdata201618 

Web URIs HTTP, RDF/SPARQL
Domain ontologies

https://www.go-fair.org/fair-principles
https://www.nature.com/articles/sdata201618


Usage scenarios 
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Data producers Registry developers

Make
‣ Dataset 
‣ Training 
‣ Software tools 
‣ etc …

Where to publish ?  
Which registry ?  

Does it provide metadata ? 
Is it enough to be FAIR ? 

discoverable !

Make

more FAIR !

‣ Dataverse 
‣ Bio.tools 
‣ Zenodo, 

Pubmed …

Improve metadata quality ? 

Community specific 
standards ? 

Which technology ?



Why a (nother) tool ?
Assumptions	

‣ "Linked Data" and Semantic Web technologies are key  
in most of the FAIR principles (especially F, I, and R)  
… but technical skills are needed.  

Objectives	

‣ Provide a web interface for resource providers to evaluate FAIR metrics 
and make progress on FAIRification	(iterative testing) 

‣ Provide additional tools for developers Leverage semantic web technologies 
(RDF, SPARQL, SHACL) to enhance the quality of metadata 

‣ Share implementations, and contribute to larger FAIR evaluation initiatives
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Approach
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① Checking metadata



Checking metadata
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https://fairplus.github.io/the-fair-cookbook/content/home.html 

https://rdmkit.elixir-europe.org

Semantic web technologies 

‣ RDF 

‣ SPARQL

1 - Get RDF 
metadata from 

web page 2 - Evaluate 
metrics

3 - Improve 
through iterative 

testing

http://…

https://fairplus.github.io/the-fair-cookbook/content/home.html
https://rdmkit.elixir-europe.org


What is evaluated ? 
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DC-Terms 
DCAT 
Schema.org

+ ODRL + DOAP,  
DBO, CC …

+ PROV-O, PAV



Example "http://my.tool.org"
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http://my.tool.org

"Alban"

"Mon super outil"

"knowledge graphs"

http://my.workflow.org

http://developer.org

schema:title

http://motcles.org

http://inclus.dans
http://my.tool.org

"Alban"

"Mon super outil"

"knowledge graphs"

http://my.workflow.org

dct:creator

dct:title

schema:keywords

schema:isPartOf
"MIT"

schema:license

F1B, F2 → ✅ 

A1.2      → ⛔ 

R1.1      → ✅ 

R1.2      → ✅

F1B, F2 → ✅ 

A1.2      → ⛔ 

R1.1      → ⛔ 

R1.2      → ⛔

http://my.tool.org
http://my.tool.org
http://my.tool.org
http://my.tool.org
http://my.tool.org
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1. Provide resource URL 

2. Retrieve metadata 

3. Evaluate relevant metadata 
fields (ontology classes and 
properties) 

4. Propose relevant 
recommendations from FAIR 
Cookbook and RDMkit 

5. Improve metadata and try 
again …



Hands-on session: playing with FAIR-Checker ✏
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Question #5
1. Evaluate the FAIRness of 

- a github repository:  
https://github.com/IFB-ElixirFr/fair-checker  

- a zenodo dataset:  
https://doi.org/10.5281/zenodo.17681549  

- a bioinformatics tool (Bio.Tools):  
https://bio.tools/GrapeMine  

- a bioinformatics workflow (NF-Core):  
https://nf-co.re/scrnaseq/4.1.0/ 

- a bioinformatics workflow (WorkflowHub): 
https://workflowhub.eu/workflows/1021  

2. Interpret the results

https://github.com/IFB-ElixirFr/fair-checker
https://doi.org/10.5281/zenodo.17681549
https://bio.tools/GrapeMine
https://nf-co.re/scrnaseq/4.1.0/
https://workflowhub.eu/workflows/1021


Hands-on session: playing with                 ✏
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https://fair-checker.france-bioinformatique.fr/ 

https://fair-checker.france-bioinformatique.fr/


Registries are instrumental to  
improve FAIRness of digital artifacts … 



Bio.tools registry
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✓ EDAM Operations
✓ EDAM Data

✓ EDAM Data

✓ EDAM Topics



Bio.tools registry
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→ 43 RDF triples retrieved by FAIR-Checker 
and used for FAIR assessment



Bio.tools registry
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WorkflowHub registry
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WorkflowHub registry
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→ Search engines parse RDF metadata and better "understand"  
the content of the web page



② Inspecting metadata



Approach
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schema.org
‣ General purpose 

lightweight 
ontology  

‣ Aimed at 
annotating web 
pages  

‣ Targetting 
FINDABILITY 

‣ Originating from 
major search 
engines 
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http://schema.org


Schema.org is massively adopted 
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Schema.org for   
Life-Science resources ? 

http://schema.org
http://webdatacommons.org
http://schema.org


37 ± Life Science profiles

‣ different usage 
of schema.org 
for life sciences 

‣ Communities 
agree on 
minimal/
recommended/
optional 
annotation

69

http://schema.org


Metadata completeness
R1.3: (Meta)data meet domain-relevant community standards
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ex:myTool   rdf:type   schema:SoftwareApplication, prov:SoftwareAgent ; 
            schema:description "This tool does … " ; 
            schema:license <https://spdx.org/licenses/MIT.html> ; 
            schema:codeRepository <http://github.com/...> .

https://www.go-fair.org/fair-principles/r1-3-metadata-meet-domain-relevant-community-standards/


Profile → graph shapes
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Reuse of ontologies

F4: (Meta)data 
are registered or 
indexed in a 
searchable 
resource 

I2: (Meta)data 
use vocabularies 
that follow the 
FAIR principles 

R1.3: (Meta)data 
meet domain-
relevant 
community 
standards

72Zenodo dataset "Comparison of spatial transcriptomics technologies used for tumor cryosections"  https://zenodo.org/records/10863259

https://www.go-fair.org/fair-principles/f4-metadata-registered-indexed-searchable-resource/
https://www.go-fair.org/fair-principles/f4-metadata-registered-indexed-searchable-resource/
https://www.go-fair.org/fair-principles/f4-metadata-registered-indexed-searchable-resource/
https://www.go-fair.org/fair-principles/f4-metadata-registered-indexed-searchable-resource/
https://www.go-fair.org/fair-principles/f4-metadata-registered-indexed-searchable-resource/
https://www.go-fair.org/fair-principles/i2-metadata-use-vocabularies-follow-fair-principles/
https://www.go-fair.org/fair-principles/i2-metadata-use-vocabularies-follow-fair-principles/
https://www.go-fair.org/fair-principles/i2-metadata-use-vocabularies-follow-fair-principles/
https://www.go-fair.org/fair-principles/i2-metadata-use-vocabularies-follow-fair-principles/
https://www.go-fair.org/fair-principles/r1-3-metadata-meet-domain-relevant-community-standards/
https://www.go-fair.org/fair-principles/r1-3-metadata-meet-domain-relevant-community-standards/
https://www.go-fair.org/fair-principles/r1-3-metadata-meet-domain-relevant-community-standards/
https://www.go-fair.org/fair-principles/r1-3-metadata-meet-domain-relevant-community-standards/
https://www.go-fair.org/fair-principles/r1-3-metadata-meet-domain-relevant-community-standards/
https://zenodo.org/records/10863259


Metadata completeness
R1.3: (Meta)data meet domain-relevant community standards
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Validation of Bioschemas 
profiles:      

   → rank missing metadata  
   → developer focus  
       on minimal metadata first

https://www.go-fair.org/fair-principles/r1-3-metadata-meet-domain-relevant-community-standards/


Hands-on session: improving metadata quality  ✏
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Question #6
1. Use the FAIR-Checker "Inspect" module to identify  

ontology term reuse, and possibly missing important metadata 
- on  

https://github.com/IFB-ElixirFr/fair-checker 
https://fair-checker.france-bioinformatique.fr  

- on a zenodo dataset:  
https://doi.org/10.5281/zenodo.17681549  

- on a bioinformatics tool (Bio.Tools):  
https://bio.tools/GrapeMine  

- on a bioinformatics workflow (NF-Core):  
https://nf-co.re/scrnaseq/4.1.0/ 

- on a bioinformatics workflow (WorkflowHub): 
https://workflowhub.eu/workflows/1021  

2. Discuss the results

https://github.com/IFB-ElixirFr/fair-checker
https://fair-checker.france-bioinformatique.fr
https://doi.org/10.5281/zenodo.17681549
https://bio.tools/GrapeMine
https://nf-co.re/scrnaseq/4.1.0/
https://workflowhub.eu/workflows/1021


Hands-on session: FAIR-Checker API  ✏
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Question #7

Run step-by-step the PART2 section of the Jupyter notebook available on the 
IFB cluster :  

  



Using FAIR-Checker at 
large scale



Large-scale FAIR metrics evaluations

https://bio.tools/ 77

Running FAIR-Checker over 
25.000+ bioinformatics softwares 
from Bio.tools.  

R1.1: Only 37,9% of the tools 
expose a licence 

R1.2: No provenance metadata  
→ massive impact if bio.tools 
developers provide PROV / PAV 
ontology terms

https://bio.tools/


Usage statistics
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102,180 unique target URLs

47,537 unique target URLs evaluated 
more than 2 times

437 unique target URLs evaluated  
more than 10 times



Most evaluated domains
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Open Government Data, Austria

Open Research Knowledge Graph (scientific papers)

Central Statistics Office, Ireland

Protein Ontology



Evolution of FAIR scores  
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Work in progress



A community service, with possible improvements

Future works  

‣ Support "FAIR-Signposting" for better metadata consumption 

‣ Bioschemas profile recommender  

‣ Allow users to provide missing metadata  

‣ Suggest semantic metadata based on AI generation pipeline 

‣ Retrospective usage study 
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https://fair-checker.france-bioinformatique.fr

https://fair-checker.france-bioinformatique.fr


Recap'



A practical overview on FAIR assessment, in 2 hours …
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‣ ! Quick intro on FAIR principles  

‣ Knowledge graphs and semantic metadata  

- ! What are Knowledge Graphs, Computational Ontologies ?  

- ✏ How to create Knowledge Graphs ? (team work, "pen & paper")  

- ✏ How to write machine-readable semantic metadata ? (demo, python code)  

- ✏ How to query knowledge graphs with SPARQL (demo, python code)  

‣ Tools and resources for increased FAIRness  

- ! FAIR-Checker 

- ! Tools and workflow registries 

- ✏ Using FAIR-Checker and interpreting the FAIR assement results (web tool) 

- ✏ Using the FAIR-Checker API and processing multiple resources (python code)



Additional resources

‣ W3C RDF Primer (https://www.w3.org/TR/rdf11-primer/) 

‣ W3C JSON-LD Primer (https://json-ld.org/primer/latest/) 

‣ JSON-LD playground (https://json-ld.org/playground/)  

‣ schema.org validator (https://validator.schema.org/) 

‣ Gaignard, A., Rosnet, T., de Lamotte, F., Lefort, V., & Devignes, M. (2023). FAIR-
Checker: supporting digital resource findability and reuse with Knowledge Graphs and 
Semantic Web standards. Journal of Biomedical Semantics, 14. https://doi.org/
10.1186/s13326-023-00289-5  

‣ Lamarre, P., Andersen, J., Gaignard, A., Cazalens, S. (2025). A Deep Dive into 
FAIRness Assessment: UReFM, a Formal Framework for Representing, Analyzing 
and Comparing Measures. In: Hameurlain, A., Tjoa, A.M. (eds) Transactions on 
Large-Scale Data- and Knowledge-Centered Systems LVIII. Lecture Notes in 
Computer Science(), vol 16080. Springer, Berlin, Heidelberg. https://doi.org/
10.1007/978-3-662-72116-2_4 
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https://www.w3.org/TR/rdf11-primer/
https://json-ld.org/primer/latest/
https://json-ld.org/playground/
http://schema.org
https://validator.schema.org/
https://doi.org/10.1186/s13326-023-00289-5
https://doi.org/10.1186/s13326-023-00289-5
https://doi.org/10.1007/978-3-662-72116-2_4
https://doi.org/10.1007/978-3-662-72116-2_4
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Back-up slides



Do engines reach consensus on FAIR assessment ?
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‣ Higher scores for FAIR-Checker  

‣ Last two entries: std. dev. > 25 % ? 



How much biased are FAIR assesment tools ?
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Are all principle 
equally contributing 
to the global FAIR 
assesment score ? 

‣ Pay attention to identifiers (F), license + provenance +  
domain-specific standards (R) if you use FOOPS! 

‣ Not useful to spend energy on provenance or domain 
ontologies if you use FAIR-Evaluator … 

‣ … but pay attention to it if you use F-UJI. 

→ How to get a good FAIR score with a minimal effort  ?



LLM-based generation of RDF triples
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Hallucinated LLM-based interpretation of KGs

90

La protéine P06213 est une protéine. 
Elle est citée dans des journaux 
ayant pour titre "The human insulin 
receptor cDNA: the structural basis 
for hormone-activated 
transmembrane signaling." Ses 
auteurs sont Ebina Y. et Ellis L. Cette 
protéine a des annotations incluant 
"Sous-unité alpha du récepteur à 
l'insuline" avec une masse de 83642. 
Cette annotation correspond à une 
région spécifique identifiée aux 
positions 28 à 758. 

‼ inaccurate positions  

‼ no link to the pubmed paper


